GLUCOSE-INSULIN-POTASSIUM (GIK)
duces myocardial ischemia and the extent of myocardial damage after acute coronary artery occlusion in animal experiments. [1] [2] [3] [4] [5] [6] [7] However, infusion of GIK after acute myocardial infarction has been reported to have variable effects in man, producing either beneficial,8-18 deleterious or no effects'9 26 on mortality. Similarly, GIK infusions have produced variable effects on pacing-and exercise-induced angina. 7-31 GIK with a low glucose concentration has been reported to reduce myocardial ischemia during pacing and to prolong treadmill exercise tolerance in some patients with coronary artery disease.28 30, 31 GIK with a high glucose concentration has produced detrimental effects during pacing and decreased tolerance to treadmill exercise in patients with coronary artery disease.27' 29 The present investigation was designed to study the effects of GIK with either low or high glucose concentrations on hemodynamics at rest and during exercise, and on exercise tolerance in the supine position in patients with angina pectoris due to coronary artery disease.
Methods
The study was performed in 28 patients with exertional angina who were referred for assessment of cor-onary artery disease (table 1). All were in sinus rhythm and had stable angina pectoris that could be readily induced during treadmill exercise. The duration of the anginal syndrome ranged from 4-48 months (average 14 months).
Twelve of the 28 patients had had a previous myocardial infarction at least 6 months before the study. No patient had diabetes mellitus, cardiac arrhythmias, cardiomegaly or heart failure, and no patient was taking digitalis or diuretic agents. Sixteen of the 28 patients had previously received propranolol and isosorbide dinitrate but none had taken these medications for at least 4 days before the investigation. Informed consent was obtained from all patients.
Patients were studied in the morning after an overnight fast and received no premedication. Under local anesthesia, the brachial artery and a vein were isolated in the right antecubital fossa. A #8 Cournand catheter was passed into the right side of the heart and advanced to the main pulmonary artery. A #8 Sones catheter was inserted into the left ventricle from the right brachial artery, and the left brachial artery was cannulated with a Teflon needle using the Seldinger technique.
Two separate protocols were used to study the effects of GIK containing either low or high glucose concentration in different groups of patients.
GIK IN ANGINA PECTORIS/Thadani et al. After a 15-minute recovery period, the reproducibility of both the hemodynamic parameters at rest and during exercise and the exercise duration to angina were evaluated by repeating the study as described above.
After another 15-minute recovery period, the infusion of either 150 ml of normal saline -or 150 ml of GIK containing 15 g glucose, 8 IU insulin, and 12 mEq KCI was infused in the main pulmonary artery over a 45-minute period. GIK recommended originally by Sodi-Pallares and used in two previous studies from our laboratory. 8" 30 Immediately after the completion of infusion, measurements were repeated at rest and during exercise.
Hligh-glucose GIK Protocol This part of the study was open and was designed after completion of the low-glucose GIK study. A separate group of seven patients was studied (table 1) .
Control measurements at rest and during exercise and the reproducibility of the clinical and hemodynamic events were assessed in the same manner as discussed under the low-glucose GIK protocol. However, after a 15-minute recovery after the second exercise period, patients were given 1.5 g/kg glucose orally in a flavored solution, followed 10 minutes later by the i.v. infusion of a 100-ml solution containing 0.5 g/kg glucose, 1.5 IU/kg insulin, and 10 mEq KCI over a 5-minute period. A 50% glucose solution in water was used to prepare this GIK solution. Immediately after completion of this infusion, measurements were repeated at rest and during exercise-induced angina.
During both studies, 5 ml of venous blood were collected at rest and during the final minute of exercise during the two preinfusion control studies and during the postinfusion studies for determination of glucose, lactate and potassium. Blood was collected in EDTA tubes, spun in a centrifuge at 3000 rpm at 3°C within 15 minutes of sampling, and the plasma was stored at -300C. Chemical analysis of glucose and lactate were carried out using automated techniques with an ABA 100 analyzer. Lactate was determined with the Calbiochem Rapid Lactate Stat Pack, which has a coefficient of variation (CV) of 0.89% for n = 30. Glucose was analyzed with an enzymatic colorimeter method using glucose oxidase (CV 1.8% for n = 29). In addition, 10 ml of venous blood was collected in heparanized tubes at rest before and after the infusion to determine serum osmolality.
Pressures were recorded with P23Db Statham strain gauges, from a zero reference level 5 cm below the level of the angle of Louis. Pressures were measured over two respiratory cycles and the mean pressures were obtained electronically. Recordings were made on a photographic recorder normally operating at 25 mm/sec, but to determine left ventricular end-diastolic pressure, a high sensitivity was used at a paper speed of 100 mm/sec. The criterion for an ischemic electrocardiographic response was a flat or downward-sloping depression of the ST segment of at least 1 mm (0.1 mV), persisting for 0.08 second or longer. ST segments were averaged over 10 beats during both rest and exercise.
Left ventricular stroke work index (g-m/m2) was calculated using the formula LVSWI = SI (BAm -LVEDP) X All patients had angina during the two preinfusion exercise periods. The average exercise time to angina during the first (Ex1) and second exercise (Ex2) periods was similar. Individual and group values for the exercise time to angina are shown in figure 2. Comparison of hemodynamics during Ex, and Ex, at the onset of angina showed significantly lower values (p < 0.05) during Ex2 for PAMP (37 ± 9 vs 27 ± 8 mm Hg) and LVEDP (29 ± 9 vs 24 + 9 mm Hg) ( fig. 3 ). Individual data showed that LVEDP values at the onset of angina during Ex2 were lower in eight and higher in two patients when compared with the levels during Ex, Glucose values at rest were normal in all patients and did not change significantly during exercise. The group values during R1 and R2 and Ex1 and Ex2 were similar ( fig. 5 ). Lactate values were higher during R2 than during R1 (14.3 ± 6.7 vs 27.7 ± 11.7 mg/dl, p < 0.02), but were similar during Ex, and Ex2.
Because some of the hemodynamic measurements were not reproducible during the two exercise periods and because the initial period of exercise modified the subsequent resting hemodynamics, the postinfusion values at rest (R3) and during exercise (Ex3) have been 268 CIRCULATION compared with the corresponding values during the second control preinfusion study (R2 and Ex2). Postinfusion Studies. After normal saline, the values at rest (R3) and during exercise (Ex3) for heart rate, BAS, diastolic and mean pressures, PAMP, LVEDP (figs. 1 and 3), cardiac index (CI), SI and LVSWI were similar to the corresponding values obtained at R2 and Ex2. All patients had angina during exercise after the normal saline infusion, and the group values for the exercise time to angina were similar to those during Ex2 (169 ± 87 vs 176 ± 73 seconds) ( fig. 2) . Similarly, ST-segment depression ( fig. 4 ) and the double product at the onset of angina were similar before and after the infusion (table 2) .
Glucose levels did not change during normal saline infusion or during exercise after the completion of the infusion ( fig. 5 ). Serum osmolality before and after the infusion was similar before and after the infusion (291 ± 6 vs 288 ± 5 mOsm).
Low-glucose GIK Group (11 Patients) The hemodynamic studies were completed without untoward incidents. However, two patients developed mild symptoms and signs of hypoglycemia 30 minutes after the final exercise period and required intravenous glucose. The group values for the various hemodynamic and biochemical data at rest and during exercise before and after the GIK infusion are shown in (fig. 4) .
Glucose levels were normal in all patients at rest ( fig. 5 ) and did not change significantly during exercise.
Postinfusion Studies. Infusion of low-glucose GIK did not alter the resting hemodynamics, but the glucose levels at rest (R3) after the infusion were significantly higher than those before (R2) the infusion (140 ± 11 vs 99 ± 9 mg/dl, p < 0.01) ( fig. 5 ). After GIK infusion, all patients experienced angina during exercise (Ex3) and the average exercise time to angina did not change significantly compared with the values obtained during Ex2 (231 + 197 vs 154 ± 57 seconds). The apparent increase in average exercise time to angina was due to a marked improvement in exercise tolerance in two patients after the GIK infusion ( fig.  2 ). These two patients also showed a reduction in STsegment depression during exercise after the GIK infusion ( fig. 4 ). Of the remaining nine patients, exercise duration to angina increased by 30 seconds or more in three, decreased in three and did not change in the remaining three patients (fig. 2) . The average STsegment depression at the onset of angina was similar during Ex3 and Ex2 (fig. 4) . Comparison of hemodynamic data during exercise before and after the GIK infusion showed lower values for LVEDP (23 ± 8 vs 18 ± 7 mm Hg, p < 0.02), and higher values for RPP (195 ± 20 vs 178 ± 17 mm Hg/min X 10'2, p < 0.02) after the GIK infusion. Individual data showed that LVEDP at the onset of angina during exercise was lower after GIK infusion in all 11 patients than during the preinfusion exercise period (Ex2) ( fig. 3) .
After GIK infusion, glucose levels decreased during exercise from 140 ± 11 to 109 ± 19 mg/dl (p < 0.001), but the glucose levels during exercise were still higher than the corresponding values during exercise before the infusion, 109 ± 19 vs 99 ± 9 mg/dl (p < 0.05). Serum plasma osmolality did not change significantly after the infusion compared with the preinfusion values (293 ± 3 vs 293 ± 5 mOsm). In a recent placebo-controlled, double-blind study, Kostis et al. 29 found that a GIK infusion containing 30% glucose reduced treadmill exercise tolerance and produced detrimental effects on the ECG in nine patients with coronary artery disease. However, when 10% of glucose in the GIK mixture was used in another placebo-controlled, double-blind study, no deleterious effects on the ECG were observed and seven of the 14 patients exercised longer on the treadmill and achieved higher double product at angina after GIK infusion.30 31 These patients also showed less ST-segment depression after GIK.3`However, in the other seven patients, exercise tolerance after the GIK infusion deteriorated in three, was unchanged in two and increased by less than 50 seconds in two patients compared with the post-saline infusion values.3Ì n the present study, normal saline infusion did not alter either the hemodynamics or exercise tolerance to angina, whereas infusion of GIK containing 10% glucose prolonged exercise duration to angina in only two of the 1 1 patients (fig. 2) . The group values for exercise time to angina before and after the infusion The improvement in upright exercise tolerance in several patients in a previous study using the same GIK mixture3`may be due to a great reduction in LVEDP in the upright than in the supine position. This presumption is supported by a recent report in i.e., as either positive or negative for induced myocardial ischemia, slowly has given way to the realization that the exercise response has quantitative features that reflect the extent and severity of cardiac disease and that yield prognostic information." 2 In the past decade several groups have begun using computer
